Abstract. In 1971 two large field experiments, one for spring wheat and the other for barley, were carried out on silty clay soil in southern Finland. Three sowing methods were compared at three sowing rate levels (wheat: 140, 275 or 400 kg/ha, barley: 100, 200 or 300 kg/ha), at two levels of rolling (not rolled or rolled by a Cambridge-roller, 330 kg/m), and at two levels of irrigation (not irrigated or irrigated twice in June, 30 mm at both times).
Bands 7 cm wide with 12.5 cm spacing resulted in 5 ± 2 % higher wheat yields and 2 ± 1 % higher barley yields than did bands 10 cm wide with 25 cm spacing. The results indicate that the band method with relatively small spacings between the bands is worth further and more detailed study.
An increase in the seeding rate from low to »normal» increased the yields, speeded up ripening and decreased the weight of grains, but when normal seeding rates were exceeded the grain yields were not further improved. Rolling speeded up ripening but did not significantly increase the grain yields. Of the factors included in the study, the sprinkler irrigation affected the yields most by increasing the grain yields of wheat by 23 ± 22 % and those of barley by 29 ± 9 %.
Spring cereals are usually sown in rows with a spacing of 12-15 cm between the coulters. This is not the best possible sowing method. A uniform distribution of plants on a growing area presupposes a markedly smaller spacing, about 5 cm row (Heege 1967 , Möller 1967 , Heinonen 1970 . Reducing the spacing between the rows has improved yields in several trials (Foth et al. 1964 , Strand 1968 . The better yields are supposed to be a result from a better utilization of light by plants in photosynthesis and from unfavourable living conditions for weeds and plant pathogens.
However, a reduced row spacing makes the working of a sowing machine more difficult. Particularly, as the machine becomes more liable to clogging it has been considered that a smaller row spacing than that of 10-12 cm is not feasible in practice (Strand 1968 , Heege 1970 . A more uniform seeding can also be attained without diminishing the spacing between the coulters by changing the form of coulters so that the seeds are not sown in narrow rows but in broad bands. In the present paper an attempt is made to study the possible advantages of this band method compared to the row method. The experimental fields were cultivated and fertilized lengthwise, at right angles to the plots. The harrowing depth was 7-B cm. As a dressing 750 kg/ha of a compound fertilizer was placed in rows with a spacing of 16 cm and at a depth of B-98-9 cm. Thus, 113 kg N, 65 kg P and 93 kg K were applied per hectare.
Factors. The field experiments were laid out in a split-plot design (Steel and Torrie 1960) and contained four factors ( Fig. 1) : as whole plots two levels of irrigation (I), as subplots two levels of rolling (R), as subsubplots three levels of sowing rate (S), and as subsubsubplots three sowing methods (M). Thus, with four replicates, both experiments included 48 comparisons of the sowing methods.
The principle and a result in practice of the sowing methods are shown in Fig. 2 .
Sowing was carried out with Finnish »Tume»-combine drills without fertilizing coulters. For sowing in rows (rr) and in bands (bb), the same machine but different coulters were used. Thus the spacing between the coulters was the same, 12.5 cm, but in the former case, the seeds were sown in 2 cm narrow rows instead of 7 cm broad bands as in the latter case. In method b, another machine and other coulters were applied for sowing seeds with a 25 cm spacing in 10 cm broad bands. The sowing depth was adjusted so as to be as nearly as possible the same, for wheat 45 mm and for barley 60 mm. According to the study made after sowing on the rolled plots, the average sowing depths with least significant differences (LSD) were as follows: Emergence and later development. Table 2 shows that the number of seedlings per m 2, corresponding to the seeding rates S ls S 2 and S 3, were on the wheat Photographs of adjoining barley plots on June 8. for a margin of error of J; 1 %, the same. On the wheat field, significant differences in emergence between the sowing methods appeared only on the plots sown by the high seeding rate (S 3). In this case the seeds emerged better in rows (rr) than in bands (bb and b). On the barley field the differences were more distinctly to the advantage of the row method. The uniformity in emergence, lengthwise the rows and bands on the S 2 -plots, was measured by calculating the numbers of seedlings per successive 10 cm intervals. The In spite of the dry growing season with a precipitation of 13 mm in May, 15 mm in June, 15 mm in July and 90 mm in August, the growth was very good, the cereals ripened uniformly and they were almost free from weeds and plant diseases. The grains were harvested with a combine-harvester, air-dried and winnowed.
Results
The reliability of the results was tested by the analysis of variance according to the split-plot design (Steel and Torrie 1960) . The least significant differences (LSD) between means were calculated at the 95 % confidence level. The significance of the interactions has been indicated at the confidence levels ofboth 95 % (*) and 99 % (**).
Grain yields (Table 3 ). The grain yields were fairly good. The wheat yields varied, depending on the treatment, between 3090 and 5520 kg/ha, the range of the barley yields was 4380-7930 kg/ha. The wheat yields were significantly affected by the sowing methods, independently of the other factors. The band method with a 12.5 cm spacing (bb) proved to be the best one. Compared to the row method (rr) it increased the grain yields on an average by 360dr 100 kg/ha or 9dr2 %, and compared to the band method with a25 cm spacing (b), the increase was 200 dr 100 kg/ha or 5 dr 2 %. The difference in yields between the methods b and rr was 160 dr 100 kg/ha or 4 d: 2 %.
The sowing methods had less effect on barley than on wheat. The average difference in yields between the methods rr and bb, 60 d; 90 kg/ha or 1 dr 1 %> was not statistically significant. However, the barley yields obtained by the method b were on an average 180 dr 90 or 3 d: 1 % lower than the yields obtained by the method rr and 120 Jr 90 kg/ha or 2 dr 1 % lower than the yields obtained by the method bb. The differences were more distinct on the unirrigated than on the irrigated plots.
The decrease in the seeding rate from »normal» decreased the wheat yields on an average by 660 dr 190 kg/ha or 15 d: 4 %, the decrease in the barley yields was 810 dr 210 kg/ha or 12 di 3 %. The increase in the seeding rate from normal significantly increased the yields only on the irrigated barley plots. This increase was 370 dr 300 kg/ha or 5 dr 4 %. The effect of rolling on the wheat yields averaged + 260 dr 300 kg/ha or 6 7 % while the effect on the barley yields was -f-300 dr 740 kg/ha or 5 dr 12 %. The increases were not statistically significant.
Irrigation increased the wheat yields on an average by 860 ± 850 kg/ha or 23 ± 22 %. There were no significant interactions between irrigation and other factors. Barley yields were increased by irrigation on an average by 1620 ± 490 kg/ha or 29 ± 9 %. However, the effect of irrigation was significantly dependent on the sowing method and on the sowing rate. The increases caused by irrigation were on an average 1480 kg/ha or 26 % on the rr-plots, 1710 kg/ha or 31 % on the bb-plots, and 1680 kg/ha or 31 % on the faplots. In fact, the effect of irrigation was better on the seedling bands than on the rows.
The increases in the barley yields on the Sj-, S -and S 3 -plots were on an average 1840kg/ha or 38 %, 1230 kg/ha or 21 %, and 1790 kg/ha or 31 %, respectively. Thus, the response to irrigation was highest when a low or a high seeding rate was used, while the response was smaller when coupled to the normal seeding rate. (Table 4 ). The sowing methods had only a slight effect on the ripening of the cereals. At harvest time, the moisture content of wheat grains on the b-plots was on an average 0.7 ± 0.5 %-units lower than that on the bb-plots, and 1.0 ±0.5 %-units lower compared to the rr-plots. The ripening of barley was even less affected by the sowing methods. The decrease in the seeding rate from normal retarded the ripening by increasing the moisture content of wheat grains on an average by 2.0 ± 1.0 and that of barley by 3.1 ± 0.6 %-units. The increase in the seeding rate from normal decreased the moisture content of wheat on an average by 1.1 ±l.O and that of barley by 0.7 ± 0.6 %-units.
The differences in ripening caused by the seeding rates were more distinct on the irrigated than on the unirrigated plots, and on the unrolled than on the rolled plots.
The wheat grains from the rolled plots were on an average by 1.8 d 1.6 %-units drier than those from the plots not rolled. The ripening of barley was significantly affected by rolling only when the row method or the low seeding rate was used. Weight of the grains (Table 5 ). The sowing methods had only a slight effect on the weight of the grains. The 1000-grain weights of wheat were on an average 0.3 d 0-3 g higher, and those of barley 0.4 d 0.3 g higher, from the b-plots than from the rr-plots.
The weight of the grains was more affected by the sowing rates than by the other factors. The decrease in the seeding rate from the normal increased the 1000-grain weights of wheat on an average by 0.8 d 0-4 g and those of barley by as much as 3.2 d 0.4 g. Correspondingly, the increase in the seeding rate from the normal decreased the 1000-grain weights of wheat by 1.3 d 0-4 g and those ofbarley by 1.2 d 0.4 g, on an average.
The differences in the weights of grains, caused by the seeding rate, were greater on the unirrigated than the irrigated plots.
The effect of rolling was slight and significant only on the unirrigated barley plots.
In this case, rolling decreased the 1000-grain weights by an average of 0.8 ±0.5 g.
Irrigation increased the 1000-grain weights of wheat on an average by 1.9 ± 1.7 g. The effect was greater when the normal or high instead of the low seeding rate was used.
The increase in the weight of barley grains, caused by irrigation, was slight and statistically significant only on the plots of S x and Rj.
Discussion
Wheat grew significantly better in bands than in rows. Because there were no significant differences in the seed beds, sowing depths or emergence, except in the S 3 -plots on which differences in emergence may be of no importance, the better yields were likely to be caused by a better utilization of growing area by the plants.
Barley responded to the band methods in a different way from wheat. The yields were either of the same quantity or slightly poorer than those obtained by the row method.
The poorer results may partly be due to poorer emergence. Particularly, emergence in bands with a 25 cm spacing was poorer than in rows at all the three levels of the seeding rate ( Table 2 ). The effect of the sowing method can also be smaller on barley than on wheat. Barley, with a good ability to tiller, can better utilize the growing area between rows than does the poorly tillering wheat. Heege (1970) has obtained results of the same kind while those by Strand (1968) are partly reversed. When the band methods with a spacing of 12.5 cm (bb) and of 25 cm (b) are compared, the former shows significantly better yields of both wheat and barley. Because no significant differences in emergence appeared (Table 2 ), the differences in yields are probably caused by different sowing methods. The wide spacings between the b-bands, which were without any growth at a relatively late stage of development (Fig. 2) Similar results have been reported by Valle and Mela (1965) . According to Heinonen (1971) rolling of clay soil reduces evaporation and thus conserves moisture in soil for plants. In the present study, the ripening of the cereals was promoted by rolling. The effect of rolling on the yields was not statistically significant, but on both cereals it tended to be of the same direction and quantity. These results, as well as those by Njos (1962) , call for more thorough studies of rolling and especially of its technical performance on dry clay soils.
The effect of irrigation on the grain yields was good and corresponded well with earlier results . Exceptionally, irrigation retarded ripening and increased the weight of grains (Elonen, Nieminen and Kara 1967 b) . The phenomenon was possibly caused by the unusually dry middle and latter part of the summer 1971 resulting in abnormally early ripening of the unirrigated cereals (Pohjanheimo and Heinonen 1960). The interaction between irrigation and seeding rate is likewise interesting. With irrigation low seeding rates resulted in fairly good yields, but the best yields were obtained when normal or high seeding rates were used. Irrigation improves the uptake of both water and nutrients which makes it possible to increase the density of growth, i.e. the seeding rate.
